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ABSTRACT 

The S a t u r n  V c o n t r o l  sys t em g a i n s  were i n c r e a s e d  and 
t h e  g a i n  change times were modif ied i n  March 1967 t o  improve 
s t a b i l i t y  margins  and c o n t r o l l a b i l i t y .  With t h o s e  changes ,  t h e  
LV c a p a b i l i t y  t o  c o n t i n u e  f l i g h t  a f t e r  s i n g l e  e n g i n e  and a c t u a t o r  
f a i l u r e s  was enhanced, and crew safety was improved. 

Recent a d d i t i o n a l  changes p rov ided  even more improvement. 
Those changes are:  

1, 

2. N e w  c h i - i r e e z e  s c h e d u l e  w i t h  modi f ied  times f o r  

S t r u c t u r a l  beef-up o f  t e n s i o n  c r i t i c a l  LV j o i n t s ,  
e f f e c t i v e  SA-502 and U p .  

f r e e z i n g  and u n f r e e z i n g  p i t c h  program commands 
a f t e r  a n  engine  f a i l u r e ,  e f f e c t i v e  S A - 5 0 1  and up. 

With these changes,  p r o b a b i l i t y  of crew loss w i t h  any 
one of  t h e  f a i l u r e s  s t u d i e d  appeared acceptable ( < 1 0 ~ 1 0 - ~ )  
e v e r  a number o f  f a i l u r e s ,  such as loss of i n e r t i a l  a t t i t u d e  and 
a c t u a t o r  ha rdove r ,  r e s u l t  in p r o b a b i l i t i e s  o f  v e h i c l e  loss which 
are  u n d e s i r a b l y  h i g h  (u 3000~10‘~) . 

How- 

A new p o t e n t i a l  problem i s  b e i n g  e v a l u a t e d  whereby 
any a b o r t  a t t e m p t  d u r i n g  t h e  h i g h  Q p o r t i o n  o f  f l i g h t  c o u l d  cause  
t h e  LV t o  breakup v e r y  r a p i d l y .  

STATUS Of CREW 

I B P A C T  OF C E R T A I N  SATURN 5 F A I L U R E S  DURING 
S - l C  FLIGHT (Bellcomm, InC-) 7 p Unclas 
- .  
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FROM: J. A. L l ewe l lyn  

MEMORANDUM FOR F I L E  

I. I N T R O D U C T I O N  

The i n t e n t  of  t h i s  memorandum i s  t o  b r i e f l y  r e p o r t  on 
t h e  a n a l y s e s  which have been  accompl ished  - and t h o s e  c u r r e n t l y  
underway - r e g a r d i n g  t h e  S-IC f l i g h t  m a l f u n c t i o n s  which are 
c r i t i c a l  t o  crew sa fe ty .  It i s  a l s o  i n t e n d e d  t o  c l a r i f y  t h e  
area of guidance  and c o n t r o l  hardware /sof tware  changes which 
have been made and t h o s e  which are s t i l l  "under  c o n s i d e r a t i o n , 1 1  
T h i s  memorandum i s  e s s e n t i a l l y  a summary o f  i n f o r m a t i o n  gathered 
i n  r e c e n t  meet ings  between IlISFC and doe ing  p e r s o n n e l  and t h e  
wr i t e r .  Much o f  t h e  in fo rma t ion  i s  a l s o  c o n t a i n e d  I n  a Boeing 
d o c l i w n t  + (1) 

11, REFERENCE CONFIGURATION 

The f l i g h t  c o n t r o l  and guidance  s y s t e m  used  h e r e i n  as  
a r e f e r e n c e  was es tab l i shed  i n  March, 1967, when t h e  dynamic and 
s t a t i c  g a i n s  were i n c r e a s e d  and t h e  g a i n  s w i t c h  times were changed. 
The g a i n  m o d i f i c a t i o n s  made a t  t h a t  t i m e  p rov ided  s i g n i f i c a n t  
bending mode g a i n  margins ,  aerodynamic g a i n  margins ,  and b e t t e r  
c o n t r o l l a b i l i t y  d u r i n g  t h e  high-2 f l i g h t  regime. 
ments s i g n i f i c a n t l y  enhanced t h e  c a p a b i l i t y  o f  t h e  l a u n c h  ve- 
h i c l e  t o  s u r v i v e  c o n t r o l  and e n g i n e  m a l f u n c t i o n s .  However, 
c o n s i d e r i n g  t h e  most p e s s i m i s t i c  wind c o n d i t i o n s  and times o f  
f l i g h t ,  more improvement was r e q u i r e d  t o  e n s u r e  maximum m i s s i o n  
r e l i a b i l i t y  and crew sa fe ty .  See f i g u r e  1 f o r  r i s k  f a c t o r s  
a s s o c i a t e d  w i t h  t h e  v a r i o u s  f a i l u r e  modes. 
t h e  r e f e r e n c e  c o n f i g u r a t i o n  and r e f e r e n c e  c o n f i g u r a t i o n  p l u s  
s t r u c t u r a l  beef-up and new c h i - f r e e z e  schedu le .  

These improve- 

R i s k s  are quoted  f o r  

I11 . REC-ENT CHANGES 

A ,  S t r u c t u r a l  Beef-Up 

S t r u c t u r a l  beef -up  i s  b e i n g  implemented a t  t e n s i o n -  
c r i t i c a l  l aunch  v e h i c l e  j o i n t s .  These changes  improve c a p a b i l i t y  
t o  w i t h s t a n d  s t r u c t u r a l  l o a d s  a f t e r  m a l f u n c t i o n s  and consequen t ly  
improve l a u n c h  v e h i c l e  s u r v i v a b i l i t y .  A d d i t i o n a l l y ,  t n e  changes 
a f f o r d  more warning t ime p r i o r  t o  breakup i n  ma l func t ion  c a s e s  
where a b o r t  i s  necessa ry .  The e f f e c t i v i t y  i s  SA-502 and up, 
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B. N e w  Chi-Freeze Schedule  

A new c h i - f r e e z e  schedu le  has been des igned  f o r  s i n g l e  
eng ine  f a i l u r e  c o n d i t i o n s .  The new time a f t e r  a n  e n g i n e  f a i l u r e  
a t  which t h e  p i t c h  program a t t i t u d e  command i s  f r o z e n  and t h e  
new f r eeze  d u r a t i o n  w i l l  reduce l o a d s  and improve c o n t r o l l a b i l i t y  
a f t e r  t h e  f a i l u r e .  The new freeze s c h e d u l e  i s  e f f e c t i v e  on 
SA-501  and up. 

IV, PRESENT STATUS OF SIGNIFICANT S-IC FLIGHT FAILUilZ MODES 
(See  F i g u r e  1) 

A .  S i n g l e  Engine Out Near Launch Pad 

Y a w  b ias inp;  has been implemented t o  e l i m i n a t e  tower 
c o l l i s i o n  w i t h  maximum launch  winds. However, f a i l u r e  o f  e i t h e r  
eng ine  n e a r e s t  t h e  tower d u r i n g  t h e  f i r s t  5 t o  6 seconds  o f  
f l i g h t  r e s u l t s  i n  a h i g h  p r o b a b i l i t y  of  tower c o l l i s i o n .  The 
problem now i s  t o  de t e rmine  adequa te  a b o r t  warning cues f o r  
t h i s  ma l func t ion .  A r e c e n t  Bellcornrn s t u d y ( 2 )  or' eng ine  f a i l u r e  
d u r i n g  t h e  f i rs t  s e v e r a l  seconds o f  f l i g h t  shows t h a t  t h e  time 
r e q u i r e d  f o r  t h e  l a u n c h  v e h i c l e  t o  c l e a r  t h e  tower may be as  
l o n g  as  30  seconds  due t o  t h e  m a r g i n a l l y  p o s i t i v e  v e r t i c a l  ac-  
c e l e r a t  i on . 
pad f a i l u r e s  and a b o r t s ,  and w i l l  address t h e  problem of  s e l e c t -  
i n g  t h e  p r o p e r  a b o r t  cues  f o r  a l l  such  f a i l u r e  c a s e s .  

C u r r e n t l y  Boeing i s  engaged i n  a s t u d y  o f  a l l  nea r -  

B. S i n y l e  Engine O u t  During t h e  F i r s t  4 0  Seconds o f  F l i g h t  

o u t  cou ld  cause  subsequent  s t r u c t u r a l  breakup o r  l o s s  o f  a t t i t u d e  
c o n t r o l .  T h i s  i s  due t o  t h e  l a r g e  a n g l e s  of  a t t a c k  developed  i n  
t h e  off-nominal  t r a j e c t o r y  which r e s u l t s  from t h e  r educed  t h r u s t .  
The reduced  t h r u s t  a l s o  r educes  t h e  e f f e c t i v e  c o n t r o l  sys tem 
g a i n s .  The two changes mentioned above,  s t r u c t u r a l  beef-up and 
new c h i - f r e e z e  schedu le ,  have e s s e n t i a l l y  e l i m i n a t e d  t h i s  f a i l -  
u r e  mode from t h e  crew safety "CCricern" l i s t .  

C ,  S i n g l e  Engine O u t  During High-2 F l i g h t  

(. 

During t h e  f i r s t  4 0  seconds  o f  f l i g h t  a s i n g l e  e n g i n e  

t 

P r i o r  t o  t h e  s t r u c t u r a l  beef-up change,  l o s s  o f  c e r t a i n  
e n g i n e s  ( r e l a t i v e  t o  wind d i r e c t i o n )  d u r i n g  t h e  high-2 p o r t i o n  
of  f l i g h t  cou ld  cause  a sudden (.6 s e c  a f t e r  f a i l u r e )  s t r u c t u r a l  
breakup due t o  t h e  dynamic t r a n s i e n t s .  T h i s  f a i l u r e  p o s s i b i l i t y  
has been e l i m i n a t e d  by  I n c o r p o r a t i o n  o f  t h e  s t r u c t u r a l  beef-up 
change and modi f ied  c h i - f r e e z e  schedu le .  However, loss of o t h e r  
e n g i n e s  ( r e l a t i v e  t o  t h e  wind)  d u r i n g  high-2 f l i g h t  can  s t i l l  re- 
s u l t  i n  l o s s  o f  c o n t r o l  which c a u s e s  e v e n t u a l  l aunch  v e h i c l e  
breakup. The two changes p r e v i o u s l y  mentioned have r educed  t h e  
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p r o b a b i l i t y  o f  v e h i c l e  loss under  t h i s  f a i l u r e  c o n d i t i o n  t o  l e s s  
t h a n  1 0 0  x log6 and have incres . se9  crew ::rarnlng t ime. 
D . Actua tor - to-Nul l  

gime p r e s e n t s  no problem t o  crew s a f e t y  s i n c e  t h e  f l i g h t  c o n t r o l  
g a i n  changes e n a b l e  t h e  remain ing  a c t u a t o r  t o  e f f e c t  s a t i s f a c t o r y  
c o n t r o l  a u t h o r i t y .  

Ac tua to r - to -nu l l  f a i l u r e s  d u r i n g  any 3 - I C  f l i g h t  re- 

E ,  O t h e r  C o n t r o l  S y s t e m  Fa i l -u re s  

There  a re  f o u r  s i g n i f i c a n t  c o n t r o l  s y s t e m  f a i l u r e s  
which have n o t  been mater ia l ly  a f f e c t e d  by t h e  changes i m -  
p lemented t o  da te ;  t h e y  are: 

a.  A c t u a t o r  hardover  
b.  Loss  o f  i n e r t i a l  a t t i t u d e  
C .  Loss  o f  a t t i t u d e  e r r o r  s i g n a l  
d. S a t u r a t e d  c o n t r o l  s y s t e m .  

P r o b a b i l i t y  o f  crew l o s s  due t o  these m a l f u n c t i o n s  i s  low due  t o  
e a r l y  warning a v a i l a b i l i t y ;  however, p r o b a b i l i t y  o f  v e h i c l e  loss 
i s  r e l a t i v e l y  h i g h  based on c u r r e n t  component r e l i a b i l i t y  numbers. 
(See F i g u r e  1.) 

V D I S C U S S I O N  

Boeing i s  c o n t i n u i n g  t h e i r  m a l f u n c t i o n  and a b o r t  s t u d i e s  
b o t h  t o  e l i m i n a t e  the need f o r  a b o r t  and t o  enhance a b o r t  r e l i -  
s b i l i t y w h e n  a b o r t  i s  n e c e s s a r y ;  a c o n f l i c t i n g  r equ i r emen t  i s  t o  
t a i l o r  a b o r t  l i m i t s  t o  minimize t h e  p r o b a b i l i t y  o f  a f a l se  a b o r t .  
A s  of t h i s  da t e  t h e y  have made t h e  fo l lowiny:  two p r e l i m i n a r y  rec- 
ommendations t o  MSFC which w i l l  r e q u i r e  " in-depth"  s t u d i e s  b e f o r e  
t h e y  can  be implemented: 

a. p r o v i d e  a s p a c e c r a f t  d i s p l a y  o f  ha rdove r  a c t u a t o r  
c o n d i t i o n s  ( t o  a l l o w  e a r l y  a b o r t  warn ing )  and  

b ,  p r o v i d e  a c a p a b i l i t y  f o r  swi t chove r  t o  e i t h e r  t h e  
S p a c e c r a f t  Guidance S y s t e m  or t o  manual c n n t r o l  i n  
t h e  e v e n t  o f  LV p l a t f o r m  f a i l u r e s  ( t o  a l l o w  f l i g h t  
c o n t i n u a t i o n ) .  

The f e a s i b i l i t y  of these  changes and t h e i r  o v e r a l l  c o n t r i b u t i o n  
t o  m i s s i o n  r e l i a b i l i t y  and crew safe ty  has y e t  t o  be  e s t a b l i s h e d ,  

As of t h i s  w r i t i n g  a problem o f  s i g n i f i c a n t  p o t e n t i a l  
magni tude i s  b e i n g  e v a l u a t e d  by MSFC p e r s o n n e l .  T h i s  i s  a newly 
d i s c o v e r e d  c o n d i t i o n  whereby t h e  l a u n c h  v e h i c l e  may breakup a l -  
most i m m e d i a t e l y  f o l l o w i n g  complete  e n g i n e  shutdown d u r i n g  t h e  
high-Q p o r t i o n  o f  f l i g h t .  Complete e n g i n e  shutdown i s  r e q u i r e d  
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f o r  p o s i t i v e  s e p a r a t i o n  between the  s p a c e c r a f t  and t h e  l a u n c h  
v e h i c l e .  If t h i s  u n a b o r t a b i l i t y  problem m a t e r i a l i z e s ,  It must 
be a l l e v i a t e d  by some means (and there  are a number o f  schemes 
be ing  s t u d i e d  a t  t h i s  t ime)  o r  s e r i o u s  s t e p s  must be  t a k e n  t o  
minimize t h e  p r o b a b i l i t y  o f  a b o r t  d u r i n g  t h e  high-Q p e r i o d .  
S i n c e  F i g u r e  1 d i d  n o t  r e f l e c t  t h i s  p o t e n t i a l  problem, i t  
shows a h i g h  p r o b a b i l i t y  o f  s u c c e s s f u l  a b o r t  I n  t h a t  crew loss  
p r o b a b i l i t i e s  are  o n l y  a small p o r t i o n  of t h e  a s s o c i a t e d  v e h i c l e  
l o s s  p r o b a b i l i t i e s .  Now if most a b o r t s  d u r i n g  high-Q are un- 
s u c c e s s f u l ,  t hese  numbers w i l l  more n e a r l y  e q u a l  each  o t h e r ;  
t h a t  i s ,  crew loss w i l l  approach v e h i c l e  loss. Note i n  p a r t i c -  
u l a r  t h e  h igh  f a i l u r e  r a t e  of  t h e  i n e r t i a l  a t t i t u d e  sys t em.  

J 

d I- 

2031-JAL-mch J .  A (  L l e w e l l y  

Attachment 
Chart 
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J .  J .  H i b b e r t  
W. C ,  H i t t i n g e r  
B. T.  Howard 
A ,  N .  K o n t a r a t o s  
J .  2 .  Menard 
V. S. Mummert 
I. D. Nehama 
G.  T.  Orrok 
T. L. Powers 
I, r4. ROSS 
R. V. S p e r r y  
vJ. S t r a c k  
G. B. Troussoff 
R. L. Nagner 

Department 1 0 2 3  
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C e n t r a l  F i l e s  
L i b r a r y  

From: J ,  A .  L l e w e l l y n  


